INTRODUCTION
Spirulina is a blue-green algae with a high protein content (65 to 70% of its dry weight), all the essential amino acids, rich in vitamins, minerals and all the essential fatty acids. It is 15% complex carbohydrate and has a great number of antioxidant substances, of which beta-carotene, vitamin E, oligoelements and an uknown number of bioactive substances [8, 12, 26] .
Many animal and human studies have provided possible beneficial effects of the Spirulina under several diseases such as arterial hypertension and dyslipidemias [10] , cancer [7] , leukemia and anemia caused by cadmium intoxication [22] , and kidney damage [1] . Many of these benefits are due to its antioxidant activity, increase in the synthesis of endothelial nitric oxide and immunosuppressive potential of the Spirulina [4, 8, 18, 20] .
Due its nutritional, immunosuppressive and antioxidant properties, Spirulina can provide protection also in athletes. High volume and intensity of physical training imposes a challenge for athletes to modulate their immune system, as well promotes increase the of reactive oxygen species (EROs) production in animals and human [5, 11, 16, 19, 23] . Intense and voluminous training also promotes
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sessions /week and estimate duration per session of two to six hours.
They were divided into two groups: experimental group (n=11), with an mean age of 27.8±3.5 and a placebo group (n=7) with an mean age of 34.3±2.3. The subjects were randomly allocated and Spirulina and placebo groups. It was a double-blind study. The Research Project was approved by the Research Ethics Committee, of the Health Science Center in the Federal University of Paraíba, protocol number 00273. All the participants were previously informed of the objectives of the Research and signed a free and informed consent.
Design of the study: initially, a nutritional anamnesis, body composition assessment, functional evaluation (ergoespirometric test) and blood test to determine the serum levels of creatine kinase (CK), lactate dehydrogenase (LHD), superoxide dismutase (SOD) and malondialdehyde (MDA) were performed. Then, the subjects started a period of supplementation with Spirulina or placebo for 4 weeks, administered following a double blind model. 24 hours after this period, a new blood test was performed to determine the same variables. The participants continued their training routines during the study period, but all sessions were registered. Their eating habits were monitored and restricted the use of all nutritional supplements, except supplementation of carbohydrates during training.
Functional and nutritional evaluations:
Ergoespirometric test was performed to evaluate peak VO2 and anaerobic threshold. It was performed according Balke protocol. Three 24 hour food recordatory was used weekly. Analysis of the recordatory was performed with the NutWin software (version 1.5 -2002). To characterize habitual diet and consumption of antioxidant substances, an mean value was obtained from the three recordatory performed.
Subject preparation:
One week before the study, all athletes performed a supplements washout and maintained this conduct until the end of the study. However, following the athletes requests, they were allowed to continue carbohydrate supplementation, but only during training sessions and limited to an amount of 0.3 to 0.5 g/Kg of body mass /hour. Three days before two blood collection, the athletes progressively reduced their training load, in such a manner that no training was performed 24 hours before this procedures. Likewise, they abstained from training one day before of the ergoespirometric test.
Spirulina and placebo preparation and supplementation: Spirulina and placebo were prepared in a manipulation laboratory (Dilecta, João Pessoa-PB, Brazil). Spirulina was prepared from the extract of native algae, while the placebo was made from corn starch.
The subjects consumed 7.5g of the substances per day (29.6 Kcal of Spirulina and 26.25 Kcal of placebo). It was divided in 4g in the morning and 3.5g in the afternoon, for a period of four weeks.
The safety dosage recommended for consumption of Spirulina is up to 10g daily [6] . Capsules with Spirulina or placebo were delivered daily at the home or work address of the athletes. The quantity destined to be consumed in the morning were done in the presence of the person responsible for distribution, while the subjects were trusted to consume the other capsules in the afternoon.
On the following day, the researchers always confirmed the ingestion in the afternoon. (Table 3 ).
Blood analyses:
The collections before and after supplementation were performed between 5 and 7 AM, and the subjects were told to fast for 8 to 12 hours. A 10ml volume of blood were collected from the antecubital vein and separated into serum tubes (measurement of CK, LDH and MDA) or heparinized tubes (to SOD measure). Twenty minutes after collection, the samples were centrifuged for 15 minutes at 3000 rpm. Analyses of CK and LDH were performed immediately after centrifugation. The blood samples for analysis of MDA and SOD were immediately frozen in liquid nitrogen and maintained at -80º C until analysis, which was performed 5 days after collection of the blood. A volume of 0.5 ml of blood was centrifuged at 3000 rpm for 10 min and then the plasma was aspirated. Next, the erythrocytes were washed four times with NaCl at 0.9%, and centrifuged for 10 minutes at 3000 rpm after each wash. Subsequently, 2 ml of cold deionized water was added and maintained at 4º C for 15 minutes. A margin of error of 5% was adopted for all tests. The Instat software, version 3.03, was used (GraphPad, San Diego, CA, USA).
RESULTS
The physical and functional characteristics were similar among experimental and placebo groups at begin of study. of the study's subjects, regardless of the group to which they pertained.
During the study, the athletes performed four microcycles (weeks of training) with an mean volume of 474 km per week for the experimental group and 488 km for the placebo group. Table 3 presents relevant data regarding the volume and intensity of the exercises performed. During the four weeks, the athletes repeated the same training.
Before starting supplementation, the subjects in both groups had similar values of muscle enzymes CK and LDH, and both were within the normal range for athletes. and MDA were observed in the groups, a day before the start of the experimental protocol and within normal range. The supplementation protocol with Spirulina was not able to decrease serum levels of CK or LDH. Likewise, the antioxidant status was not altered by consumption of Spirulina or placebo (Table 4) .
Before the start of the study, four of the 11 subjects in the experimental group presented levels of CK above the normal range.
(213.7±13.2 U/L). They presented a reduction of 23%, while only a reduction of 9.5% was observed in the others. However, even this greater reduction was not statistically significant. The period of administration of Spirulina in this study was longer than in the study conducted by Lu et al. [14] , in which authors observed a protective effect on muscle damage and oxidative stress resulting from one session of progressive exercise in untrained subjects.
DISCUSSION
Daily consumption of Spirulina in other studies varied from 3 to 7.5g
[2, 13, 14] . The present study made use of the highest amount ever used, 7.5g, and the maximum safety dosage, 10g [6] . Therefore, this procedures eliminates the argument that the absence of effects could be due to low amounts and short period of administration of Spirulina. Considering the previously reported benefits of Spirulina in athletes with unbalanced nutritional or training conditions, the ergogenic effects may become visible. However, to avoid commercial speculations of this algae as a nutritional supplement, it is preferable to await further studies before recommending supplementation of Spirulina in sports.
CONCLUSIONS
Despite high concentration of proteins and antioxidants in Spirulina, supplementation was not able to alter the magnitude of muscle damage or able to reduce oxidative stress in cycling athletes with adequate nutritional status, who perform a high volume of training.
